. Stereo views (wall-eyed) 
Structure-Guided Mutagenesis of the Guanylate-Binding Pocket. Eight residues of RtcB were found to interact with GMP. Alanine-scanning mutagenesis of these residues revealed their importance for RNA ligation activity. To assay for RNA ligation, two single-stranded 10-nt RNA fragments were used as substrates in ligation reactions. The 5′ RNA fragment had a 3′-P and a 6-carboxyfluorescein (FAM) label at the 5′ terminus. The 3′ RNA fragment had hydroxyl groups at each terminus. Each of the eight RtcB variants tested were inactive in our ligation assays, consistent with a previous report. 1 The essentiality of these residues is also suggested by their strict evolutionary conservation, with the exception of Phe204, which is substituted with tyrosine is some species. 2 These assays also showed that RtcB can use dGTP as cofactor, although ligation activity is reduced substantially.
RNA Ligation Assay.
Ligation assays with single-stranded RNA as the substrate used two 10-nt oligonucleotides that were synthesized by Integrated DNA Technologies. 3 The 5′ RNA fragment had a 6-carboxyfluorescein (FAM) label on its 5′ end and was phosphorylated on its 3′ end. The 3′ RNA fragment had hydroxyl groups on each end. The sequence of the 5′ fragment was FAM-5′-AAAUAACAAA-3′-P and the sequence of the 3′ RNA fragment was 5′-AAAUAACAAA-3′. Ligation reactions were performed in 10-µL solutions consisting of 50 mM Bis-Tris buffer, pH 7.0, containing NaCl (300 mM), MgCl 2 (0.25 mM), GTP (100 µM), each RNA fragment (1 µM), and RtcB (10 µM). Reaction mixtures were incubated at 70 °C for 1 h prior to the addition of water (40 µL) and RNA-loading buffer (50 µL). Reaction mixtures were subjected to electrophoresis and visualized as described previously. . RNA ligation assays using variants of RtcB in which GMP-interacting residues have been replaced with alanine. RtcB is also able to use dGTP as a cofactor, though the ligation efficiency is reduced greatly. The ligase substrates are two 10-nt single-stranded RNAs. The 5′ RNA fragment is labeled with FAM to allow visualization in a urea-polyacrylamide gel; the 3′ RNA fragment has hydroxyl groups at each terminus. 
